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in bat diversity and activity (Grindal et al. 1999; Willig et al. 2003; Linden et al. 2014) , likely because of lower temperatures and insect biomass (McCain 2007; Stevens 2013; Wolbert et al. 2014 ). Some species occur over a wide range of elevations (e.g. the Longeared Myotis, Myotis evotis (H. Allen, 1864), and Little Brown Bat, M. lucifugus (Le Conte, 1831); Fenton and Barclay 1980; Manning and Jones 1989) , whereas others are more restricted (e.g. Yuma Myotis, M. yumanensis (H. Allen, 1864); Nagorsen and Brigham 1993) .
At the stand scale, the degree of habitat structure and heterogeneity of a habitat is hypothesized to be the most important environmental constraint to foraging bats (Schnitzler and Kalko 2001; Estrada-Villegas et al. 2012) . When foraging, bats must avoid obstacles, and discern between echoes from prey and echoes from surrounding clutter (Fenton 1990) . Clutter refers to the amount and types of obstacles to a flying bat that may also interfere with detection of echoes from a prey target. Flying through cluttered habitats requires greater manoeuvrability and agility (Norberg and Rayner 1987) , as well as an echolocation-call structure that minimizes overlap of outgoing pulses and incoming echoes (Fenton 1990 ). Large bats with long narrow wings are fast, less manoeuvrable flyers that generally use open, uncluttered habitats (e.g. Big Brown Bat, Eptesicus fuscus (Palisot de Beauvois, 1796)), whereas, small bats with short broad wings are usually manoeuvrable, agile flyers that can exploit more cluttered habitats (e.g. M. D r a f t 4 evotis; Norberg and Rayner 1987) . Echolocation calls that sweep over a narrow frequency band are useful for long-range detection of large prey in open habitats, whereas broadband, frequency-modulated calls are suited for short-range detection of small prey in closed or more cluttered habitats (Fenton 1990 ). Thus, body size, wing morphology, and echolocation-call structure all play a role in determining a bat's foraging ability and access to particular habitats and prey (Aldridge and Rautenbach 1987; Norberg and Rayner 1987; Fenton 1990; Schnitzler and Kalko 2001) . Understanding how bats are constrained by morphology and echolocation is especially important in forest management. Bats with the same ecomorphological constraints often forage in similar forest habitats (Schnitzler and Kalko 2001) , so it can be valuable to examine bat habitat use in forests by foraging guild (e.g. open space foragers versus edge and gap insectivores versus gleaners; Frick et al. 2009 ).
The amount and arrangement of clutter of a forest, and thus habitat use by bats, is influenced by factors such as tree-species composition, and stand age or structure (Thomas 1988; Krusic et al. 1996; Kalcounis et al. 1999; Jung et al. 2012) . For example, deciduous forests with species such as aspen and cottonwood (Populus sp. L.) are different from coniferous forests in their structural heterogeneity and amount of clutter (Oliver and Larson 1990) . They are often less cluttered at mid-canopy height than coniferous forests, which may partially explain the greater bat activity observed in deciduous or partially deciduous forest types (Krusic et al. 1996; Kalcounis et al. 1999 ).
Furthermore, many deciduous species, such as black cottonwood (Populus balsamifera trichocarpa (Torr. & A. Gray) Brayshaw) are usually associated with water bodies, which are preferred foraging locations for many bats (Fukui et al. 2006; Swystun et al. D r a f t 5 2007), and therefore may be a particularly attractive forest type to foraging bats. Forest age can also have a significant effect on bat habitat use, likely because of differences in amount and arrangement of clutter and roost availability (Hayes and Loeb 2007) . In general, young forests are dense and relatively structurally homogeneous, often presenting larger amounts of clutter to bats. Bat activity is often greater in mature or old growth forests, likely due to a higher density of suitable roosts, combined with more structural heterogeneity, more openings, and less clutter (Thomas 1988; Crampton and Barclay 1998; Jung et al. 2012) . Because climatic variables (e.g. temperature), forest composition, and forest age all affect bat habitat use, it is important to examine all of these factors together when attempting to understand bat habitat preferences in forests.
The majority of the world's bat species are associated with forests, the loss and degradation of which is a major issue (Hutson et al. 2001) . In British Columbia, forests comprise 70% of the province, and almost half of them have been (or will be) logged (Austen et al. 2008) . Alteration of age-class and tree species distributions, and removal of roost trees can negatively affect bat biodiversity in forests. A better understanding of what matters for bats in forests can enable land managers to manage for these biodiversity values for the long term.
Few studies have combined forest composition and age across an elevational gradient in their examination of habitat use by bat foraging guilds (but see Krusic et al. 1996; Loeb and O'Keefe 2006 We predicted that activity of all guilds would be greater in black cottonwood stands than in coniferous forests because of black cottonwood's proximity to riparian areas and its lower stem density. Within conifer-dominated forests, we predicted the greatest large bat and Myotis activity would occur in warmer, lower elevation forests compared to cooler, higher elevation sites, whereas activity of the gleaning bat, M. evotis, should not differ as much because of their adaptability to a range of elevations and environmental conditions. Within any given forest type, we predicted that bat activity would increase with forest age because of greater structural heterogeneity, less clutter and increased roost availability. We expected that forest age would have a stronger effect on the open-space foraging guild (large bats) than on edge and gap insectivores, and that the gleaner, M. evotis, would be least affected by forest age, as it is able to exploit cluttered habitats. Open-space foragers should be excluded from young, dense forests, whereas small, agile species should be able to use forests of all ages and clutter profiles. We collected data using ultrasonic detection to test our predictions of habitat use by the three bat foraging guilds. Using an information theoretic approach, we developed a set of (Green and Klinka 1994; Supplementary Table S1 1 ). We grouped the cooler CWHms1 with the warmer CWHds1 into one "ecosystem zone", called CWH here. From within the IDF and CWH ecosystem zones, we separated deciduous black cottonwood stands into their own ecosystem zone, "Bc". In summary, the ecosystem zones in our study were Bc, IDF, CWH, and ESSF (Supplementary Table   S1 ). 1 The Bc ecosystem zone was comprised of riparian black cottonwood forests, which in our study, had lower large-tree densities, and thus were more open than the coniferous forests of the other ecosystem zones ( Supplementary Fig. S1 ). 1 As a result of their lower tree densities and flat, diffuse crowns (Parish et al. 1996) , these stands also had lower canopy closure than IDF or CWH forests (Supplementary Table S2 ). 1 They also tended to have a more dense shrub layer. Mature cottonwood stands were also taller and had a greater density of potential roost trees than mature stands of the CWH or ESSF zones ( Supplementary Figs. S3, S4 ). 1 Black cottonwood trees are fast growing, and are inherently associated with fungal decay (Peterson et al. 1996) , so these stands generally have a high density of wildlife trees, but a shorter overall lifespan. The IDF ecosystem zone dominates low to mid elevations in south-central British Columbia (Meidinger and Pojar 1991 dense tree canopy, and a sparse shrub and herb layer (Meidinger and Pojar 1991) . The ESSF zone is the uppermost forested zone in most of BC's interior, and it is predominantly in mountainous terrain (Meidinger and Pojar 1991) . In our study area, Table   S2 ).
1
Study Design, Field Methodology and Echolocation Call Analysis
To confirm species presence and to collect reference echolocation calls, we captured bats using mistnets placed along flyways used by foraging or commuting bats in all ecosystem zones (see Luszcz 2004 for details on capture methods and results). As we released bats, we recorded reference calls, tracking them with a spotlight to maintain recording contact for as long as possible. We released bats into a variety of habitats to mimic the different sizes of forest gaps encountered in our study.
Using ultrasonic detection, we measured bat habitat use in forests of three age groups from within each of the four ecosystem zones, for a total of 12 habitat types. We and to measure call morphology (Luszcz 2004 ).
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Data Analysis
For echolocation call analysis, we used SAS statistical software (SAS v. 8.01, SAS Institute Inc., 2000) . Prior to identifying passes of unknown bats to species or species group using their echolocation call characteristics, we averaged measurements from calls within a pass to obtain one data point per pass, thereby avoiding pseudoreplication (Hurlbert 1984) . We used call duration, minimum frequency, maximum frequency and mean frequency to identify passes to species or species groups.
Definitions of these attributes measured by ANALOOK software are from Corben and O'Farrell (1999) . Based on preliminary analysis (Luszcz 2004) , we used quadratic discriminant function analysis (DFA; PROC DISCRIM; SAS Institute Inc. 1989) to classify echolocation passes to species or species group using three to four measurements of call morphology as predictors of species' membership. We performed DFA in two stages. First, large bats were distinguished from Myotis species using duration, minimum frequency, maximum frequency and mean frequency (Luszcz 2004) . Then, we conducted a separate DFA for the Myotis species group to separate M. evotis. For each pass, DFA produced a probability of group membership for each of the species being considered.
We assigned each unknown pass to the species with the highest probability, using jackknifed classifications, which used all bats in the identification of each individual except the one being identified (Luszcz 2004) . This technique provides a more conservative classification estimate, and it cross-validates the results (Tabachnick and Fidell 2001) .
All 278 reference calls were correctly classified in the first DFA separating large bats from Myotis species. In the DFA for large bats, 85.7% of C. townsendii reference calls were correctly classified (Luszcz 2004 We used the R Programming Environment with the pscl library and the zeroinfl function (R Core Team 2013) to analyze acoustic data, which involved two stages. We conducted initial analysis using tabular and graphical displays of the data to visualize patterns. We then developed a set of models using an information theoretic approach to test which biological hypotheses have the most support to describe patterns of bat activity. Our data contained a large number of zeros due to nights with no recorded bat activity and as a consequence, the number of bat passes was not normally distributed and could not be transformed to normality (Heilbron 2007 to determine which combination of variables best predicted habitat use by bats, thirteen models (hypotheses) were fitted to bat activity for each of the three foraging guilds based on biological relevance and predictions. We controlled for temperature and gap area in all models, so they were included in both components. Exploratory analysis revealed no effect of the covariates of interest on bat occupancy, so we were validated in examining effects on bat activity only. We considered models with ∆AIC c < 2 to be well supported, but we also follow the principles of parsimony (Burnham and Anderson 2002 were too fragmented to be identified to species.
The three best approximating models (with ∆AIC c < 2) for activity of large bats all included ecosystem zone, forest age, as well as temperature and gap area, which we controlled for in all models (Table 1) . Large bat activity was significantly greater in the ESSF zone than in Bc stands (Table 2) . Large bat activity (number of passes per hour) was almost two times higher in the ESSF (95% CI: 1.03 < µ < 2.80) than in the Bc ecosystem zone (Figure 1 ). Large bat activity in mature stands was half that (95% CI: 0.29 < µ < 0.76) recorded in young stands, and in old stands, it was one-quarter (95% CI: 0.14 < µ < 0.41) that in young stands (Figure 1 For M. evotis activity, two models (6 and 3) were well supported, with ∆AIC c < 2 (Table 1) . Model 3 was a more complex model with an additional variable (canopy closure), which did not add to (coefficient estimate: -3.27 and 95% CI: -10.61 < µ < 4.07) or change anything in the model. We again chose the simpler model, which included year, ecosystem zone and age, as well as temperature and gap area ( Table 2 ). M. evotis activity was almost 1.5 times higher (95% CI: 1.09 < µ < 1.99) in 2001 than in 2000 (Figure 2 ). M. evotis activity was significantly greater in Bc and CWH than in IDF or ESSF ecosystem zones (Table 2 ). M. evotis activity (mean passes per hour) in the IDF was one-third (95% CI: 0.24 < µ < 0.53) that of M. evotis activity in the Bc zone, and activity in the ESSF was just over one-third (95% CI: 0.25 < µ < 0.61) that of activity in the Bc (Figure 2 ). M. evotis activity in the CWH (coefficient estimate: -0.16 and 95% CI:
-0.45 < µ < 0.14) was not different from that of Bc (Figure 2 ). M. evotis activity in mature forests was more than double (95% CI: 1.3 < µ < 3.5) that in young forests, and three times greater (95% CI: 1.9 < µ < 5.1) in old forests than in young forests.
The best approximating model for Myotis species was the most complex model, including year, canopy closure, ecosystem zone, age, and an interaction between ecosystem zone and age (Table 1) . Myotis activity decreased significantly with increasing stand canopy closure (Table 3 ). The effect of stand age on Myotis activity differed among ecosystem zones, and because year was a part of the model, we present the results of the interaction by year (Figure 3) . Myotis activity was greater in 2000 than in 2001 (Table 3) . 
DISCUSSION
In summary, habitat use by bats in the northern Skagit watershed varied with forest composition and forest age; however, not all patterns were as we predicted. Overall, Myotis activity was greater in black cottonwood and IDF stands, and generally lower in CWH and the ESSF. Myotis activity was highest in old IDF stands, and in the CWH zone, activity increased with forest age, whereas no effect of forest age was observed in the Bc and ESSF. The probability of detecting foraging Myotis was greatest in black cottonwood stands.
Ecosystem zone, forest age, temperature and gap area were the most important variables explaining large bat activity. It is unclear to us why one of the well-supported models included year. We would have expected canopy closure to be a significant variable explaining large bat activity because large bats should be excluded from forests with high canopy closure, but it was not. In addition, contrary to our predictions, activity of large bats was greater in the higher elevation ESSF ecosystem zone than in the lower elevation Bc zone. These differences are unlikely due to different roost availability because in our study area, the density of available roost trees did not differ across ecosystem zone ( Supplementary Fig. S1 1 ), although bat roost preferences may differ from our definition of available roosts. It could also be that preferred prey availability was greater in the ESSF zone, or perhaps the higher activity represents males of large bat species at higher elevations, as has been found in other studies (Grindal et al. 1999 ; D r a f t Cryan et al. 2000) . In summer, males spend more time in torpor than reproductive females do, and this could be facilitated by occupying cooler sites at higher elevations (Altringham 1998) . The greater activity of large bats in younger forests compared to mature or old forests was also unexpected because younger, denser forests should be unavailable to larger, less manoeuvrable bats (Aldridge and Rautenbach 1987; Norberg and Rayner 1987) . In our study, activity of large bats did increase with gap size. Thus, we suggest that we detected the echolocation calls of large bats flying at or above canopy level in the relatively short young forests, whereas we were less able to detect canopylevel bats in older (taller) forests. Other studies have reported greater activity of species of large bats at or above the tree canopy than below it (Kalcounis et al. 1999; Muller et al. 2013) .
The best approximating model for M. evotis activity included year, ecosystem zone, age, temperature, and gap area. It is unclear why M. evotis activity was significantly greater in 2001 than in 2000, as there were no significant differences in monthly temperature or precipitation across the two years. Activity of M. evotis was significantly greater in Bc and CWH stands than in IDF and ESSF zones. We did not expect this difference because M. evotis occupies a range of elevations (Manning and Jones 1989) . M. evotis in western Oregon frequently foraged in riparian habitats (Waldien and Hayes 2001) , and roosts have most often been located in upslope habitats in coniferous trees (or stumps) and rock features (Vonhof and Barclay 1997; Waldien et al. 2000; Nixon et al. 2009 ). Thus, it is possible that M. evotis roosted in the CWH and commuted to black cottonwood stands to forage. The greater activity of M. evotis in mature and old forests suggests age suggests that perhaps they were roosting, in addition D r a f t 20 to foraging, in these stands. M. evotis is a clutter-adapted species that should be able to exploit forests of any age and clutter profile, and foraging near the roost would reduce commuting time. Small home ranges for M. evotis have been reported elsewhere (Nixon et al. 2009 ). The second best model for M. evotis also included canopy closure, which was surprising for a clutter-adapted forager, although the ability to manoeuvre in tight spaces does not prevent them from using a more open habitat (Fenton 1990) . The lack of an observed effect of canopy closure on the activity of M. evotis might be an indication of their ability to deal with a variety of clutter profiles.
Variation in activity of Myotis species (excluding M. evotis) was best explained by the model that included all variables of interest, as well as an interaction between ecosystem zone and forest age. Our prediction of increasing Myotis activity with forest age was only observed in the CWH ecosystem zone. It is unclear why this trend was not observed in ESSF stands, but in Bc stands, the structural attributes of black cottonwood (Supplementary Table S2 , Fig. S1 ) 1 , regardless of their age may explain why there was no effect of stand age in these forest types. Myotis activity was especially high in old IDF stands. Older forests provide more roosting opportunities for bats because they generally contain a greater density of preferred roost types (Crampton and Barclay 1998; Waldien et al. 2000) . Despite not being observed across all ecosystem zones, our results lend some support to our predictions (and others findings, e.g. Thomas 1988; Crampton and Barclay 1998 ) that old forests, especially lower elevation ones, are important to bats. Overall activity of Myotis species tended to be greater in cottonwood stands and IDF than CWH or ESSF stands. A lower density of large trees, lower canopy closure (Supplementary   Table S2 , Fig. S1 ) 1 , a common association with water (Peterson et al. 1996) , and high D r a f t emerging adult aquatic insect abundances (Fukui et al. 2006) , all likely contribute to making cottonwood stands excellent foraging habitat for bats. Our results confirmed that
Myotis were more likely to forage in black cottonwood than in other forest types, and similar results have been found for other riparian forests (e.g. Fukui et al. 2006) . Myotis species may also be using mature and old cottonwood stands for roosting. In our study area and elsewhere, there was a higher density of snags in mature cottonwood stands than in young or old ones ( Supplementary Fig. S3 1 ; Swystun et al. 2007 ). The old IDF stands in our study were probably also important roosting habitat for Myotis, as suggested by Thomas (1988) who found higher bat activity in old-growth Douglas-fir forests. The warmer, lower elevation forests of the Bc and IDF zones appear to be more important than the ESSF to Myotis. The higher activity may represent mostly females reproducing in drier, warmer low elevation habitats (Thomas 1988; Barclay 1991; Cryan et al. 2000) in closer proximity to water and thus greater concentrations of emerging adult aquatic insects, which are common prey for bats. Cottonwood forests tend to have lower canopy closure than coniferous forests (Supplementary Table S1 ) 1 , as do old forests compared to younger, more cluttered forests. It is thus not surprising that Myotis activity was also influenced by stand canopy closure, decreasing as canopy closure increased.
Although we recorded relatively little foraging, our study demonstrates the importance of black cottonwood stands to foraging Myotis. The fact that the probability of detecting Myotis feeding buzzes did not vary with forest age suggests that although mature and old forests contain roosting opportunities, the majority of Myotis may be commuting elsewhere to forage (e.g. water bodies, trails and black cottonwood stands).
Fluctuations in insect availability, which we did not measure, also affect bat distribution and habitat use temporally, seasonally and geographically (Barclay 1991; Stevens 2013) .
Nightly temperature affects insect activity, and therefore bat foraging activity (e.g. Muller et al. 2013; Wolbert et al. 2014) . Activity of both large bats and M. evotis increased with increasing ambient temperature. It is unclear why we observed the opposite relationship for Myotis. Large bat and Myotis activity did increase with increasing gap area, whereas for M. evotis, gap area was not a significant influence.
Larger openings are less cluttered and have more edge, which is preferred foraging habitat for many Myotis, such as M. lucifugus (Patriquin and Barclay 2003) , and likely less important for the clutter-adapted M. evotis. These results further illustrate the importance of controlling for these variables in studies of habitat use by bats.
In summary, we found some support for our predictions regarding variation in activity of the three bat guilds. Large bat activity was higher in the cooler, higherelevation ESSF zone. In our study area, ESSF (and CWH) stands were shorter than Bc and IDF stands ( Supplementary Fig. S4 1 ), so we may have detected these bats foraging at or above tree canopy height, just as we suggest was the case in young stands where large bat activity was also greater. Measuring activity at different heights would clarify where large bats concentrate their activity (e.g. Menzel et al. 2005; Muller et al. 2013 Peterson et al. 1996; Farid et al. 2006) . It is possible that Myotis may also roost in black cottonwood stands, particularly mature ones, as they have a high density of available potential roost trees ( Supplementary Fig. S3 ). 1 Although large bat activity did not follow our predictions regarding the effect of forest age, and the relationship of Myotis activity with forest age was variable, our results suggest that mature and old forests, especially at lower elevations, are important habitat for Myotis spp. and M. evotis, as has been found elsewhere (Thomas 1988) . Roost tree availability aside, the age of a stand may not be as important to bats as its structure is (Hayes and Loeb 2007) . Vegetation structure is thought to be one of the greatest influences on bat distribution and activity at the stand level (Estrada-Villegas 2012). Cottonwood stands attain maturity at a much younger age than coniferous stands (Parish et al. 1996) , and similarly-aged coniferous stands can vary in their structural stage depending on their site quality, disturbance history and vegetation type (Meidinger 1999) . In hindsight, measuring bat activity in relation to stand structural stage (instead of forest age) may have resulted in clearer patterns of habitat use by bats in the Skagit watershed.
Our results suggest that older forests especially at low elevations, and low elevation riparian forests, are important for bats, yet these habitats are increasingly in short supply. Most logging in British Columbia occurs in low-elevation valleys or slopes, and the interior of the province has more young forest than mature or old forest, likely due to forest fires and logging (Austen et al. 2008 
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